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All You Ever Wanted to Know About Photochemistry

The Basics
Photochemical Processes: the interaction of light with matter leads to any of large array of chemical structural changes

Ground Electronic State: all electrons are in the lowest energy molecular orbitals

Excited Electronic State: brought about by the absorption of a photon of UV/vis light and usually involves the promotion of
an electron in a bonding orbital to an antibonding orbital

The Jablonski Diagram

Ss T
. Internal , o e
1 Conversion Kasha's Rule (gueideline): All photochemistry is initiated from
S, *1“7 Intersystem the lowest excited states S; and T,
g Sv——— . ] e
Absorption ' -.§,to S, transition is instantaneous (10716 to 1014 s)
Fluorescence hv.
7 hv, N hv F
VA 1 ¥ Phosphorescence, - Nucular motions are slower (10713 to 101?)
Se g .

Anslyn, E., Doudherty, D. Modern Physical Organic Chemistry; University Science Books: Sausalito, 2006, pp 946-955.



z, 7 and n,z* Transitions

Electron Transitions

I

7t,t* transition

Chromophores

- A functional group that absorbs UV/vis light

Anslyn, E., Doudherty, D. Modern Physical Organic Chemistry; University Science Books: Sausalito, 2006, pp 946-955.

A

n,m* transition

Chromophore Type
Benzene mT,*
Styrene >
Acetophenone n,m
Naphthalene T,T0%
Anthracene T, TT*
Nitrobenzene n, T
Cc=0 n,m*
N=N n,m*
C=C-C=0 n,c*, 7T,m*




Intersystem Crossing

Electron Transfer Initiated Cyclizations

s

~
~

Ve T

SO —

- The S;/T41 gap is smaller for n,z* states then for z,7* states

El-Sayed's Rules

- ISC is slow when the two states being interconverted are both
T, 7% states or n,z* states

SO...
Oe |” . T2alkyl
)\ Sl n,TC*
R”®° "R \
— T2aryl T,
- T, n,*

O
)]\ SO ——
R R

Anslyn, E., Doudherty, D. Modern Physical Organic Chemistry; University Science Books: Sausalito, 2006, pp 946-955.



Background

Photoinduced Electron Tranfer

B ve LUMO +’\ — LUMO
> A®* + D — L UMO LUMO +
HOMO 4 o ++ HOMO
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A*+D
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hv
A+D
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Things to Consider

A+D M» (AS-D6+)S - (A-.D+.)s _— (As-. Ds+.) - As-. + Ds+.

Exc CIP SSIP FRI

Salt Effects

Solvent Polarity
Gould, I.; Ege, D.; Moser, J.; Farid, S. J. Am. Chem. Soc. 1990, 112, 4290.
Mattay, J. Synthesis 1989, 233.
Mattay, J. Angew. Chem. Int. Ed. 1987, 26, 825.



Electron Transfer Sensitization

Requirements for Photosensitized Reactions

- Light is not absorbed by the substrate that undergoes the chemical reaction but by the sensitizer
- The sensitizer must not undergo any sort of chemical change (i.e. it must undergo a reversible redox process)
- The sensitizer must completely absorb the light in order to avoid competing reactions

- It is necessary that the sensitizer be able to be removed completely from the reaction mixture

Typical Electron Transfer Sensitizers

CN CN CN
© “ * Common Features
OO OO - Aromatic molecules
- Absorb in the U. V. or even in the visible region
CN CN

- The singlet or triplet enery of the sensitizer is
greater then the singlet or triplet energy of the
DCB acceptor

The singlet excited states undergo redox chemistry

0 0 o)
Energy Transfer
J 0 U o—ew
o]

The triplet excited states undergo redox chemistry Albini. A Svnthesis 1081 249
ini, A. Synthesis , .



Early Photochemical Reactions

Some Thoughts on Sunlight

Photochemical Syntheses utilizing sunlight are not in general, and especially on an industrial scale, suitable for use
in Europe or in the northern part of America, where sunlight is unreliable and often unavailable; this is also the case
in many other parts of the world. In tropical and many subtropical regions, however, conditions are different, so that

the prospects for the industrial development of such synthesis can be considered promising.
Schonberg, A; Mustafa, A. Chem Rev. 1947, 40, 181.

Photochemical Pinacolization of Non-Enolizable Ketones

o Cl OH C'
' \rOH - O O
OH
Schonberg, A; Mustafa, A. Chem Rev. 1947, 40, 181.

Proposed Mechanisms

OH
0 . OH o Ri R
R H sunlight R °
R R 3 > 3 - > HO?—QOH
[
1 2 R4 Rl R2 R4 R2 R2

Weizmann, C.; Bergmann, E.; Hirschberg. J. Am. Chem. Soc. 1938, 60, 1530.

o OH OH OH
R H sunlight o° oH
P S e G G
()
1 2 Ry R™*R, R, R~ R Ry
OH
O R, Ry
R ° dimerization
3 )J\ — )J\ )\ — HO?—QOH
R4 Ry R2 R, R,

Pitts, J. J. Am. Chem. Soc. 1958, 81, 1068.
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Generation of Iminintium Cations

Why are iminium cations important?

- Imininium cations are useful in the synthesis of nitrogen heterocycles which are present in biologically active alkaloids

- There is no convenient route to generate them

The Mechanism

: ]
+ DCA — + pDCA™®

N e~
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Santamaria, J. Pure & Appl. Chem. 1995, 67, 141.



Photooxidative N-demethylation

Nordextromethorphan
OMe OMe
- The salt shifts the SSIP and CIP equilibrium
hv, O,, DCA - The lifetime of the radicals can be as great as
~ > N .
CH.CN, LiCIO, 15 times longer
- Allowes for the formation of one type of
N HN® product
Me/
hv +e -® .
R;R,NCH; + DCA RiR,NCH;  + DCA LiCIO, % Product % Product
+o . +o (equiv) A B
R;R,NCH; + DCA Llo“-»[RleNCHg,...C|o4'] + [DCA™®..Li"| 35 65
+o [ )
R{R;NCH;  + base —»R;R,NCH, 0.1 70 30
0.25 100 0
. [R2RIN=CH...ClIO; | —— R;R,NH 03 % 10
R;R,NHCH; —C: .
R;R,NCHOH 0.4 85 15
0.5 80 20
Salt Concentration Effect 1 50 50
v, On. DCA HO 5 43 57
Hay 1 2 - 0 o)
CH45CN, LiCIO,4
A B

Santamaria, J. Pure & Appl. Chem. 1995, 67, 141.



Hemisynthesis of Criocerine

Formation of Criocerine from A-Vincine

hV, 02
'
DAP?*, CH,Cl,

Solvent Effects

- PET reactions are solvent dependent!!!

- SSIP more stabe in polar solvents which seperate to form
FRIP's

- SSIP's favored by 0.98 eV in MeCN over hexanes
- Only CIP's can be formed in nonpolar media

- Reaction effeciency can be lost in nonpolar solvents due
to greater amounts of reverse electron transfer

o =

U [

ACD

0,05 —

Yield: CH,Cl, (78%)
CH3CN (15%)

Santamaria, J. Pure & Appl. Chem. 1995, 67, 141.
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Fig. 7. Transient ubsorpison specira (SO0 = absorplon difference) 100 ps
after flash photolytic excitstion of 1 s the presence of tetramethyd-1,3-diox
ode T am varsous solvenls {from [&0)L a) Acetonitrile b) Benzene. o) Cyclohex-
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Mattay, J. Synthesis 1989, 233.
Mattay, J. Angew. Chem. Int. Ed. 1987, 26, 825.



Synthesis of Indoline Alkaloid Precursors

Formation of a-amino nitriles

N Ry N R, NC
hv, O, z+
DCA TMSCN> > A
, ™
Ry N =% Ry
R

Tl
N_ _Ry
3
a = a
\ R, A\ B
[— la’ b N
Ry R2

@)

R]_: H, Me, OBn, CH2C02Et \ R]_: CH2C02Et
R,= H, Me

R2: H
N\

a.hv, O,,DCA, TMSCN

R;= Et then H*, heat

Ry=H b. t-BuOK, DMSO
Santamaria, J. Pure & Appl. Chem. 1995, 67, 141.
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In Situ Trapping of Iminium Cations

Intramolecular Cyclization

(= ( (
D hv, DCN o H@H H \Cn‘)\H
R“ I\\l\j + R\‘ |\\]\)O

R N MeCN
|
(CHy)30H (CHZ)SOH (CH2)3OH
B - Major Minor
OH

%Yield
H % Yield n=1, R= n-Butyl 96:4
DCN Me n= 2, R= n-Butyl 95:5

MeCN o) 78
n=2, R=Me 93:7

Me

|
Me
O CO,Et DCN CO,Et 65
MeCN

N CO,Et

( \
\ DCN [

- SE_ 82
Wl o Ph

Pandey, G.; Kumaraswamy, G.; Reddy. P. Tetrahedron 1992, 48, 8295.



Stereochemical Explanation OO

The authors propose...

But perhaps there is a better explanation...

A 1,2 Strain

Pandey, G.; Kumaraswamy, G.; Reddy. P. Tetrahedron 1992, 48, 8295.



Formation of Larger Rings

Formation of An Exocyclic Iminium Cation

OH

(L

N

R

hv, DCN
MeCN

OH

U

OH

N

R

—— | (1

| |

OH N R

O
H,O + /\)j\
EEEEE— N HO H

| R
H

Pandey, G.; Kumaraswamy, G.; Reddy. P. Tetrahedron 1992, 48, 8295.



Formation (+)-Solidaline

MeO MeO
(L)@ ® P
2 hv I 2N

MeO

MeO + -
| MeOH/acetone 1/
\ OMe l OMe
OMe OMe
OH OH (% + |
o OH ~N=c” \I\T—cls— SN—C—
+ H H hv 3 )\+ H_<. /7 \ / I + / I
* H—C—OH H—C—OH
: ;
MeO
hv MeOH/H,0 4
MeOH/HCI Oz/NH4ACO MeO
/OMe
i X
57% yield \OMe
OH fo 0 N—C—
M=+ H——H - N—cf + H— e —H )]\Jr /H C—oH
/0N T /7 N | |
H H H

Suau, R.; Najera, F.; Rico, R. Tetrahedron 1999, 55, 4019.



Formation of Pyrrolidinooxazolidine Alkaloids

Synthesis of the Major Defensive Constituent of the Squash Beetle

W /O\/\/\/\/\/\/Il\lf
—eeeee
@)

N N

Ho ]

C'N') ¥t Meon__ (“N')\ﬁ . K\“N>f\_, oDﬁ
++
’ o\) DCN/MV ’ o\) ’ o\) \_/

Radford, P.; Attygalle, A.; Meinwald, J. J. Nat. Prod. 1997, 60, 755.
Methyl Viologen (MV*"): an electron relay source

amlne>< X MV+0>< O, >< H,0, + HO
DCN'® MV** 0, ® H,O

amine

Pandey, G.; Kumaraswamy, G.; Reddy. P. Tetrahedron 1992, 48, 8295.



PET Involving Iminium Salts

Studies using 2-phenyl-1-pyrrolinium perchlorate

HCIO, O\
O\Ph 7 ~Ph

N ClO4 +l?|
H

Photoadditions of Electron Rich Olefins

O\ HsC_ ,CHj
hv, CH;0OH

Y > =3 Ph :
clo, ¥n” Ph I >~ N OCH, 81% yield

I

H H H H3C CHS

~pn hv, CH3;0OH 111Ph _ _ ''Ph _ _
ClO4 +N - N + diastereomer 18% yield H + diastereomer 31% yield

| H

H MEO':,

Ph
( A~pn ) _hv.CHoOH _ Ph et N ) v i

ClOs ¥N N 28% yield 27% yield N 9% yield

I F H \

H /

\ OMe
OMe
| >—< hv, CH;OH Ph

C|O4_+Q\ph 3 . H OCH3 ]

I dr1:1 50% yield

H H3C

Stavinoha, J.; Mariano, P. J. Am. Chem. Soc. 1981, 103, 3136.



Photoaddition to Electron Poor Olefins

Substituent Effects

ClO4 ¥N Ph >=< hv, CHsOH Rl\l@
|!| R H Rz‘“‘
R, R, Yield
CN H 44%
y N (15:1)
CO,CH, H 50-52%
H CO,CH, (L)
CO,CH, CH, 54%
CH, CO,CH, (L)

Stavinoha, J.; Mariano, P. J. Am. Chem. Soc. 1981, 103, 3136.




A [2+2] Cycloaddition?

Mechanistic Explanation

y/ Ph R - H hV, CH3OH > + Ph + Ph
C|O4_+|?] R> <H _N R, + _N
H H
H R,
Ph Regiochemistry
+
/ R2 \ 1L/ —
H —
Ph LUMO H,C™ CH4
+
° H S e LUMo_ _ .
RIR, R ﬂ H___H
Ph + V2
N CH, H JL
- ” i HOMO
1R, v, HOMO' HsC ~ CHg
Ph Ph
+ +> N
H/N R, H o
R, \ €

Stavinoha, J.; Mariano, P. J. Am. Chem. Soc. 1981, 103, 3136.



Electron Transfer Mechanism

-H*

(- O Y
R H
—_— hV,CH OH & 1
W = : oo o]
| R H | —
| R
CH3OH
_ y -
N e -€ (1)
| ,?I ®~Ph o
H o CH— R" CH™
R H
/ . ] i
anti-Markovnikov
Cycloaddition Mechanism
Y
R H
Y7 _ hv, CH3OH +N
I z H H
H R
Z

Ph

Iz

Stavinoha, J.: Mariano, P. J. Am. Chem. Soc. 1981, 103, 3136.



PET Involving Alcohols and Ethers

Substrate Scope

Den neod .
y/ Ph Rl_o_CH‘ hv, MeCN -

+N
C|O4_ I R | O_Rl

Me
Me R,= H or alkyl group R R

Mechanistic Pathways

X, VNN
hv AN ~H —_——
C|O4:H?I — CH-O—R + ?\I. ®—Ph —_—— ﬁ ® ~Ph + 7C O—R —_—— ﬁ PhO_R
Me / | mé H mé H
CH-O—R Me
A
[ )
S GV . -
4
Me >A< 0o 6=pp, Q.\ph Ph
MeOH N /N
>A< Ve Ve Mé
o)
OH B
A:B
1:18

Mariano, P.; Stavinoha, J.; Bay, E. Tetrahedron 1981, 37, 3385.



Model Studies to Aid in the Synthesis of
Harringtonine Alkaloids

Spirocyclic Amine Synthesis

A
0 H2C T™S 7/
RO

R= CHj, t-BuCO

Cloy
O
D < .
) hv  / > o
RO

Z+

EtOZC C|O4'
0 \ 0 <
< O | /7—\ 1. hv, MeCN__ < O N

t-BUO,C t-BuO,C

33% yield
Harding, T.; Ulrich, J.; Chiu, F.; Chen, S.; Marino, P. J. Am. Chem. Soc. 1982, 47, 3362.



PET In Arene-Iminium Salt Systems

&RZ O.\RZ R

N N L R, Pro_duct
Cloy hv - (Yield)
Me Ph A (18), B (15)
Ry Ry CH,TMS Ph A (>40)
Me Me C (90)
) CH,TMS Me A (70)
E 2
H Me C (90)
[\ ' R
N
N
+
/ Hzg Rl\@ Rl
C
R,
N

Lan, A.; Quillen, S.; Heuckeroth, R.; Marino, P. J. Am. Chem. Soc. 1984, 106

, 6439.



Steps Towards the Synthesis of Protoberberine
and Spirobenzyl Isoquiniline Alkoloids

R
' * The spirocyclization yield is governed by N-substituent

Dai-Ho, G.; Lan, A.; Marino, P. Tetrahedron Lett. 1985, 26, 5870.
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Photoreduction Using Amines

Initial Proposed Mechanism

O *
+

(T1)

/ OH "
+ NH
—~CH R )\

R, R,
(0] NH OH N
e — -
(S1) . C )\
- Amines vs. Alcohols:

- Rate constants are much higher for amine reduction
- Amines may reduce =n,n* states and charge transfer triplets which alcohols generally do not do

Revised Mechanism

R,
o) * /
+ _CH R ——» /CH R — >
N’ )\Jr )\
(T1) H
\)(\\ )]\ ,CH R
) N
0 /

)j\ + —CH R Loss of quantum efficiency?
N —CH
H

Disproportionation

- N centered radicals lead to disproportionation, not C centered radicals
- Secondary amines have lower quantum efficiency then primary amines
- N-H bond strengths may play a role (methyl amine N-H = 103 kcal/mol, dimethyl amine N-H = 96 kcal/mol)

Inbar, S.; Linschitz, H.; Cohen, S. J. Am. Chem. Soc. 1981, 103, 1048.



Mechanistic Explanation

@) O
hv - X
acetonitrile | ; ST _Q:_. - >
N N
O v o) I\/

1,5-Hydrogen
—_— abstractuon /\)J\
—>
7~
o k/

Das, S.; Kumar, J.; Shivaramayya, K.; George, M. Tetrahedron 1996, 52, 3425.



Lactam Formation Using PET

R R O R
k ) hv, anthraquinone
N - . >
N RZ/\HJ\O acetonitrile N Rz O—
I\% RZ
O O

I\% N O/
N s
I\% ©
O
AN o~

% Yield
40 : 15

O—
50:10
O—
fﬁ |

60

20

WHO

(@) O

/\n/\>(l\lj</\'(\
H

(@) O
Das, S.; Kumar, J.; Shivaramayya, K.; George, M. Tetrahedron 1996, 52, 3425.



Olefin Addition Products

N . A N o —>_> N
I\o NN
@)

OCHs OCHs

1,5-Hydrogen
abstraction

I=

O O

Das, S.; Kumar, J.; Shivaramayya, K.; George, M. Tetrahedron 1996, 52, 3425.



PET in a-Silylamine-Cyclohexenone Systems

a-Silyl Tertiary Amine Donors

@]
hv
| Et,NCH,TMS A B
@] @]
Q EtzN\/Q EtzN\(Q
T™MS
MeCN 70% 5%
MeOH 30% 60%
O O
MeCN 30% T™MS 0%
MeOH trace 30%
O
MeOH 86%
Et,N
O
\>é< MeOH 40 %
Et,N

Mechanism
0
H
/N\
Et Et
0
H
* AN
Et Et
Ssl Cl
H OH H
H ([ ] +_S|R3
N N
\
e’ CEt * &7 mt
A B

Yoon, U.; Kim, J. J. Am. Chem. Soc. 1987, 109, 4421
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Photosubstitution of Dicyanobenzenes

Formation of Substituted Cyanobenzenes

CN Ry
Rl \
Ry R2 R,
+ - R2
+
CN SiMEg
CN CN

Proposed Mechanism

CN [ coN ” cN® ™ °+ cN®T
R4 Ro R4 R, R1 R
L + L — \L —_— \E ...... Sil\/|63+ —_—
CN | oN | SiMes Y SiMes | | CN |

Rl Rl
R, A R1 R
NC R, CN R>
Rz -SiMe;CN Ry
SiMez" + O + ‘ +
CN CN CN CN

Mizuno, K.; Ikeda, M.; Otsuju, Y. Tetrahedron Lett. 1985, 26, 462.



Photosubstitution of Dicyanobenzenes by Allylic Silanes

Aromatic Nitrile Allylic Silane Product(s) % Yield % Conversion
CN X
|K 66 100

SiMej3

CN CN

CN N

f: CN |L\I CN 67 70
SiMe;

CN AN
\]Q 91 100
SiMe3
CN CN
™

CN
|‘\/ 80 100

SiM63

CN

CN
CN

CN
Mizuno, K.; Ikeda, M.; Otsuju, Y. Tetrahedron Lett. 1985, 26, 462.



PET Studies Involving Cyano Aromatic Compounds

Formation of Benzylated Cyanonaphalenes

CN CHs
NCy .
0 O— oy - OO
CN CN
1 2 3 CN 4

12:23:8

Proposed Mechanistic Pathway to 3

1 + 2 —— (12— 18 + 20F

2%+ 2 — PhCH? +

Ph
NC Ph
-CN
PhCH,®* + 10— —
CN CN

CN
CN

5

Albini, A.; Fasani, E. Tetrahedron 1982, 38, 1027.



Photosubstitution of Dicyanobenzenes

CN CHs O CN
NC, .
1 2 3 CN 4 5
Mechanistic Pathway to Products 4 and 5

CN CN
Ph e- H+ Ph
PhCH,® + 1 —» —_—
5
CN CN

CN
Albini, A.; Fasani, E. Tetrahedron 1982, 38, 1027.



PET Involving NDN, Alkylbenzoates and Bibenzyls

Substrate Scope
H

Me+Me

Ph
CHs

Ph Ph

-
fjp
0
>

Ph Ph
H H

1

R R
R= Ph-4-OMe

hv, MeCN

CN

CN

Products

land 2
Ri= Me, R,= Me

No Reaction

land3
R:= Me, R,= Me

4 and dimer

2,3,
=H, R2= CH2Ph

1,
R1

R]_: Me, R2= Me

2
R;= H, R,= Ph

Albini, A.; Fasani, E.; Mella, M. J. Am. Chem. Soc. 1986, 4119.

CN
CN R
1 R,
CN
NC

CN




Mechenistic Pathways to Competing Products

C-H vs. C-C Bond Clea

@t op 0P ro = &L
O OHO-= 1 0p—0p”

Albini, A.; Fasani, E.; Mella, M. J. Am. Chem. Soc. 1986, 4119.



Synthesis of a Precursor to Diazonamide A

NHa

a. hv, Ac,0, DMAP, CH,Cl,

Li, J.; Jeong, S.; Esser, L.; Harran, P. Angew. Chem. Int. Ed. 2001, 40, 4765.
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Radical Cyclizations

Hexenyl Radical Cyclizations

[
°
—_— : .
Highly exothermic
° Kinetically controlled

Ks-exo =2 X 10° 1 Kgengo =4 x 103 st

VS.
Et ®
Et
E® + 2 R ’ \r R
R
ky <1M1s? ky =10°M1st
Not formed

5-exo chair 0 kcal/mol
5-exo0 boat +1 kcal/mol

6-endo chair +3 kcal/mol

Sutherland, J. In Comprehensive Organic Synthesis; Trost, B. Ed.; Pergamon Press: Oxford, 1991; Vol. 3, pp 341-377.



Accelerating and Decelerating Substituents

Substituents that accelerate 5-exo-trig cyclizations

Lol L L

E= Electronegative Group X=0, NR

Substituents that decelerate 5-exo-trig cyclizations

R R R
[ ] o @
x” X
RZH X=0, NR

Substituents that accelerate 6-endo-trig cyclizations
0 0
[ [

Sutherland, J. In Comprehensive Organic Synthesis; Trost, B. Ed.; Pergamon Press: Oxford, 1991; Vol. 3, pp 341-377.



Carbonyl Substituted Radicals

6-endo-trig vs. 5-exo-trig

R /e = CO,Me
COZMG & CO-Me
R - + 2
Cco,Me CO,Me
CHOZMe
R=H 90:10

a5

O

X= CH, <3: 97
X=0,NR >90:10

Sutherland, J. In Comprehensive Organic Synthesis; Trost, B. Ed.; Pergamon Press: Oxford, 1991; Vol. 3, pp 341-377.



PET Cascade Cyclizations

Formation of Cyclic Terpenoids

Iiﬂ

hv (300 nm)
MeCN/ HZO

Electron acceptor pair

OH
NaOH —COOMe
MeOH/H,0
HO" ) 86% yield
- >99% ee
OH
NaOH —COOMe
MeOH/H,O

HO 90% vyield

>99% ee

Heinemann, C.; Demuth, M. J. Am. Chem. Soc. 1997, 119, 1129.



Cascade Cyclizations of Terpenoid Polyalkenes

~ : o

%R ﬁ \ AN —=—" ©

a*

N), . O HO“ y
- 97% yield
>909% ee

23% yield 1:3

\
X T g
+ O., (@)

|

lsa

H 98% yield
>99% ee

a*=1. NaOMe, MeOH
2. SOCls,, pyr.

Heinemann, C.; Demuth, M. J. Am. Chem. Soc. 1997, 119, 1129.



Cylization of Terpenoid Alkenes Via PET

6-endo-trig vs. 5-exo-trig

L
OAc —= 2 )\/\/g/Rl : » HO _ CN
HO -

R, " NC

a: R;=CH,0OAc, R,=H
b: Ri= CN, Rp= CN

Ry
Z R,
™
™
R]_: CHzoAC, Rzz H 100 0
R]_: CN, R2: CN 0 100
R;=H, R,= CO,Et 65 35
R2 Rl
R
R 2
+ H R, + +
H H
6-endo-trig 5-exo-trig

Warzecha, K.; Xing, X.; Demuth, M. Pure & Appl. Chem. 1997, 69, 109.



Cyclic Acetal Synthesis

Electron Transfer Initiated Cyclizations

OH OH i OH
Phw M» Ph/Y\/\/ . on” (\/\/

t-butylbenzene OC:H
OCgH,7 dichloroethane #OCeHy7 9C8H17
92% vyield
—»
CgH170 (@)
Substrate Product Yield D.R.
Ph/W\OH /O 74 -
CgH
OCgH; g O
OC8H17 Cng7 o
OCgH17 CgH17 o
OH
Ph OH \‘.Z S.,,/OH 92 1.2:1
8 CgH17 0

et Q-tBu O-tBu
z WU-

OH

Ph 84 1.7:1

?

OCgHy7 CeHi7m O Kumar, V.: Floreancig, P. J. Am. Chem. Soc. 2001, 123, 3842.



Conclusions

* \WWe should all go do our chemistry in the
SUN!!
 PET reactions generally involve mild

reaction conditions that are tolerant to
most functional groups

A number of natural product cores

containing nitrogen can be accessed via
PET
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